Objective: To explore the impact of premorbid physical activity on stroke severity and functioning, measured by activities of daily living, gait and balance during the acute period of first-ever stroke and at one-year follow-up. Methods: Acute phase and one-year follow-up registrations of 183 patients with first-ever stroke or transient ischaemic attack were included in the study. Gender, age, education, living arrangements, body mass index, smoking, hypertension, stroke classification and use of walking aids were recorded. Premorbid physical activity was recorded with the Walking Habits questionnaire. The outcomes post-stroke were the National Institutes of Health Stroke Scale, the Modified Ranking Scale, Barthel ADL Index, Maximal Walking Speed and Berg Balance Scale. Results: Significant associations (p < 0.05) were found between the participants` pre-stroke "duration of regular walks" and functioning on all outcomes in the acute phase of stroke. Participants who walked for more than 30 min each time achieved significantly better results. The measures of gait and balance showed similar associations (p < 0.05) at one-year follow-up. Conclusion: There are significant associations between premorbid walking habits and functional status after first-ever stroke. Weekly light-intensity activity, such as walking for more than 30 min, may have a sustained impact on functioning after stroke.
INTRODUCTION
Stroke is the leading cause of disability and reduced quality of life in adults (1) . Approximately 50% of patients will experience some degree of permanent disability after stroke, and many will require long-term rehabilitation and use of healthcare services. Reducing the severity of stroke and preventing loss of function are of great importance for individuals surviving a stroke (2) ; however, the effect of physical activity, such as walking habits, on stroke severity and stroke outcomes is not clear.
As with general health and longevity (3) , there is strong evidence of a consistent association between physical activity (4) and reduced risk of stroke. Thus, regular physical activity is an important recommendation for stroke prevention (2) . Walking is an important component of total physical activity in adult populations and one of the most common elements of physical activity across ethnicity, culture, income and age (5) . A recent study, objectively assessing walking by accelerometer, found that walking duration was associated with a more favourable cardiovascular biomarker profile, even after adjustment for covariates (6) . Previous studies have indicated that pre-stroke physical activity is associated with less severe stroke (7) (8) (9) , but a prospective study of a male population did not find this influence (10) . One study shows a dose-dependent decrease in stroke severity by physical activity (8) . There is little data regarding which aspects of prestroke physical activity might be protective, and there is a need to determine the characteristics that influence functional outcomes, in order to provide customized recommendations. Research is needed into whether specific types of physical activity or other lifestyle factors influence functional outcome of stroke (10) . Only a few studies have explored whether physical activity prior to stroke is associated with improved functional outcome after stroke (7) (8) (9) (10) , and it is not clear whether light-intensity activity provides any health benefits after stroke.
Performance in balance and gait are important for independent functioning (11) , and gait measured by walking speed is recognized as a "vital sign" of health (12, 13) . However, the potential impact of physical activity prior to stroke on balance and gait after stroke is not known, and the required level of physical activity is uncertain (9) . In this study, we aimed to explore the impact of self-reported premorbid physical activity on stroke severity, activity of daily living (ADL), gait and balance during the acute period of first-ever stroke and at oneyear follow-up. Our hypothesis was that physical activity prior to stroke is associated with favourable effects on functional status post-stroke. The aim of this study is to add knowledge about preventing disability post-stroke, and provide appropriate recommendations about physical activity.
METHODS
This one-year longitudinal follow-up study included patients with first-ever stroke or transient ischaemic attack (TIA) admitted to Baerum Hospital during the period March 2007 to July 2008. All patients were participating in a study evaluating the effect of an intervention on cognitive impairment (14) . Only patients who survived the acute phase were assessed. Stroke was defined according to the World Health Organization (WHO) criteria (15) . Stroke is, by definition, a clinical syndrome, and a TIA is defined as the acute loss of focal cerebral function with symptoms lasting less than 24 h (16). We included patients with TIA, since many patients with clinical TIA have signs of infarction on magnet resonance imaging (MRI), and cognitive impairments may persist after resolution of clinical symptoms, indicating potential influence on functioning (17) . Follow-up registrations were performed until July 2009. Exclusion criteria were: pre-stroke cognitive impairment, dementia and previous stroke, patients with subarachnoid haemorrhage, known cognitive decline (as indicated by a score ≥ 3.7 on the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) (18)), previous stroke or TIA; and patients who did not speak Norwegian. The Regional Committee for Medical Ethics in Norway approved the study, and written informed consent was obtained. If the patient was not able to understand the information, the next of kin gave informed consent.
Registration of physical activity, gait and balance were performed by the physiotherapists at the stroke unit, 2-6 days after the patients were admitted to the hospital, as well as at one-year follow-up. Sociodemographic characteristics, such as gender, age, education (more or less than 9 years), living arrangements, current smoking, treated hypertension before hospitalization, weight and height, were recorded. Body mass index (BMI) was calculated. The Trial of Org 10172 in Acute Stroke Treatment classification (TOAST) was used to classify patients with ischaemic stroke into 5 subgroups according to presumed aetiological mechanism: cardioembolic disease, large vessel disease, small vessel disease, unusual causes of stroke and stroke of undetermined aetiology (19) . The TOAST subgroups were computed into 2 variables; "small vessel disease" and "other aetiological mechanisms."
Physical activity was recorded with the "Walking Habits" questionnaire (20, 21) , which reports walking habits during the week before admission, how often and for how long. The questions used were: "Do you take a daily walk?" and "How long does your walk generally last?" (20) . The questionnaire is considered as a valid measurement for walking habits and physical activity for elderly people. Regarding scores on the different questions of "walking habits", we combined the original categories into 3 and 2 categories to provide more robust analyses. The computed categories of "duration of regular walks" were < 30 min, 30-60 min and > 60 min and categories of "frequency of walking" ≤ 2 days and ≥ 3 days.
Gait was measured with the Maximal Walking Speed (MWS) test: subjects walked for a 10 m distance from a standing still position and the time (in s) was registered (22) .
Balance was assessed using the Berg Balance Scale (BBS). The test rates performance on a 5-level scale, from 0 (cannot perform) to 4 (normal performance) on 14 different tasks involving functional balance control, including transfer, turning and stepping (23) . The total score ranges from 0 to 56. MWS and BBS are commonly used to assess gait and balance in patients who have had a stroke, and have been tested according to reliability and validity (23, 24 ). An experienced stroke physician registered activities of daily living by the Barthel ADL-index (Barthel) (25) and stroke severity by the National Institute of Health Stroke Scale (NIHSS) (26) and the Modified Ranking Scale (mRS) (27) at discharge. All tests are widely used for stroke populations and tested for validity and reliability (28, 29) .
Statistical analysis
Data are described with means and standard deviations (SD) or with proportions and percentages for categorical variables. Continuous variables are analysed using independent samples t-tests, but with NIHSS, Barthel, MWS, BBS and when analysing the mRS, the Wilcoxon-Mann-Whitney test is used.
The associations between stroke severity and physical functioning performance (outcome variables) and premorbid walking habits (explanatory variables) were studied using linear regression. First, separate univariate regression was performed. Secondly, multivariate linear regression model in order to control for possible confounding variables; age, gender and other variables which proved to be significant, in the bivariate analyses, showed a p-value below 0.1 (30) . Statistical analyses were performed with the Statistical Package for Social Science (SPSS), version 19 (SPSS Inc., Chicago, IL, USA). p-values < 0.05 were considered statistically significant and all tests were 2-sided.
RESULTS
A total of 201 patients were invited to join the study, and, of these, 198 were willing to participate. Fifteen patients were excluded: 7 did not complete the inclusion criteria (4 had an IQCODE score ≥ 3.7, 1 had an infarct in the spinal cord, 1 had had a previous TIA and 1 died before signing the consent) and 8 patients were diagnosed with other disease than stroke causing the symptoms. The mean length of stay at the stroke unit was approximately 8 days. The 183 participants at baseline were diagnosed as 135 (73.8%) with cerebral infarction, 31 (16.9%) with TIA, and 17 (9.3%) with cerebral haemorrhage. Of these, 161 participated in the follow-up registrations one year later; 13 died, 5 withdrew their consent, and 4 did not receive the physical examinations. Table I shows the baseline characteristics and follow-up registrations regarding the outcome measurements in the study.
The results of the outcome measures by the different categories of the Walking habits questionnaire "duration of regular walks" are shown in Table II .
As illustrated in Table III , multivariate regression analyses show significant associations between the walking habits categories of "< 30 min","30-60 min" and "> 60 min" (p < 0.005) regarding the functional outcomes mRs, Barthel, MWS and BBS at baseline and, in addition, on MWS and BBS at the one-year follow-up. Frequency of walking (≤ 2 days; ≥ 3 days); is significantly associated with mRs in the acute phase, but not when controlling for confounders in the multivariate analyses (Table III) .
There was a significant difference between the category < 30 min compared with the other 2 categories (p < 0.005) for all outcome measures. The categories 30-60 min and > 60 min did not differ significantly from each other according to NIHSS, mRs, Barthel, MWS or BBS, measured in the acute phase. The mean values seen in Table II show that the persons who walked for more than 30 min prior to stroke have better scores on the outcome measures in the acute phase.
At the one-year follow-up, the registrations of MWS in the category "< 30 min" were significantly different from the categories "≥ 30-60 min" (t = 3.00, p = 0.002) and "> 60 min" (t = 3.50, p = 0.001). The same results was observed regarding BBS; the category "< 30 min" was significantly different from "> 60 min" (t = -2.0, p = 0.045) and "≥ 30-60 min" (t = -4.7, p = < 0.001). The mean values of MWS and BBS (Table II) illustrate that the participants who walked for less than 30 min each time prior to stroke have lower walking speed and impaired balance compared with participants in the other categories even one year after onset of stroke. The results were similar if participants with a TIA diagnosis were excluded from the analysis. 
DISCUSSION
The present study shows significant associations between premorbid walking habits and functional outcomes after first-ever stroke or TIA. Participants registered as walking for less than 30 min each time had significantly worse results on measures of gait (maximum walking speed) and balance (Berg Balance Scale) than those who walked for more than 30 min, both in the acute phase and one year after stroke. The same associations were found between walking habits and measures of stroke severity and functioning; the groups that had walked the longest time achieved significantly better results on mRS and Barthel in the acute phase of stroke. The trend was similar, but not significant, at the one-year follow-up. According to the measurement by NIHSS there were no significant differences between the groups. In this study, frequency of walking did not have the same impact on functioning as duration of walking. There is growing evidence demonstrating that regular physical activity provides numerous health benefits (31) , and the findings support the hypothesis that physical activity prior to stroke is associated with favourable effects on functional status post-stroke.
Our results indicate that walking habits have a positive impact on physical functioning post-stroke, even one year after their first stroke. Four of 5 included outcome measures were associated with premorbid physical activity measured by "duration of regular walks." To our knowledge, this is the first report showing an association between premorbid physical activity and post-stroke gait and balance in patients with firstever stroke or TIA. Walking speed is considered a vital sign and of importance to the individual. Previously, post-stroke walking speed was found to be significantly associated with participation and quality of life (32) . Danielsson et al. (33) recently demonstrated a relationship between walking capacity and participation in people with chronic stroke. Schmid et al. (34) stated that, among people with stroke, balance and self-efficacy were independently associated with activity and participation. Those walking for more than 30 min prior to stroke might have better self-efficacy in their own physical capacity and thus obtain the best stroke recovery.
Walking is a common, accessible and inexpensive form of physical activity. Furthermore, walking is aerobic and necessitates use of large skeletal muscles, and confers the multifactorial health benefits of physical activity with few adverse effects. A possible explanation as to why premorbid physical activity, such as walking habits, are associated with better functional status post-stroke may involve the same mechanisms that underlie the association between physical activity and risk for cerebrovascular disease. Physical activity has several effects that are potentially beneficial for patients with stroke and TIA, such as to lower blood pressure and improve endothelial function and lipid profiles (35, 36) . In addition, physical activity can have an anti-thrombotic effect by reducing blood viscosity (37) , fibrinogen levels and platelet aggregation and by enhancing fibrinolysis. Individuals with higher level of physical activity may also possess greater functional neuromuscular reserves and, as a result, minimize the effects of major strokes. Studies provide evidence about the ability of physical activity to improve depressive and anxiety symptoms (38) and, since these are significantly associated with physical functioning and health (39) , might contribute to better prognosis.
The results may also relate to other factors. While physical activity clearly has positive physiological effects, such as increased fitness and strength, it also affects psychological function, such as self-efficacy (40) . Due to multiple losses, such as loss of activities, stroke can be related to loss of control, and many stroke patients may experience a decrease in activities and social networks.
This study has some limitations. The retrospective registration of physical activity by use of a questionnaire depends on memory, and additional use of an accelerometer or other objective measures would have strengthened our findings, i.e. as performed in the acute phase of stroke in the study of Askim et al. (41) . However, the most common way to receive information about physical activity is through observation of activity or self-report. Excluding patients with pre-stroke cognitive impairment and including only first-ever stroke patients may have influenced and limited the generalizability of the results. By excluding those with cognitive impairment and assumed cerebral degenerative disease, we might more clearly define the vascular impact. In addition, one could assume that individuals who had an active lifestyle prior to stroke were probably in better overall health than those who were inactive, thus more specific information might be of interest. Furthermore, we have no information about the intervening rehabilitation, which might have an impact on the results.
The strengths of the study include the use of performancebased tests to assess balance and gait objectively, as well as the follow-up registrations that describe the duration of the health benefits.
In conclusion, leisure-time physical activity, such as walking habits pre-stroke, is associated with favourable effects on functional outcome after stroke. Walking for more than 30 min at each walk prior to stroke may significantly improve mRs, Barthel, MWS and BBS. The findings support studies that have suggested physical activity has beneficial effects on stroke severity and physical functioning post-stroke. The recommendations of weekly physical activity lasting more than 30 min each time (42) are supported by better functioning post-stroke for the participants who reported walking more than 30 min. The results imply that light-intensity activity, such as walking, seems to have sustained impact on functioning after stroke. Thus, healthcare personnel should continue to use their influence to enhance people's level of physical activity and emphasize that even light-intensity activity, such as walking, can provide significant health benefits. Knowing that secondary prophylaxis and encouragement for changes in lifestyle are challenging, and require close supervision by health professionals post-stroke, these findings highlight the need to develop good habits early in life.
